The synthesis of 3,3 0 -diacetoxy-4,4 0 -bis(hexyloxy)biphenyl following the nickelmodified Ullmann reaction yielded a by-product which was identified successfully by crystallographic analysis as 1-(4-hexyloxy-3-hydroxyphenyl)ethanone, C 14 H 20 O 3 . This unexpected nonbiphenyl by-product exhibited IR, 1 H NMR, 13 C NMR and COSY (correlation spectroscopy) spectra fully consistent with the proposed structure. The compound crystallized in the orthorombic Pbca space group, with two independent formula units in the asymmetric unit (one of which was slightly disordered), and showed a supramolecular architecture in which molecules linked by hydroxy-ethanone O-HÁ Á ÁO interactions are organized in columns separated by the aliphatic tails.
Introduction
Substituted triphenylenes are the most extensively studied class of compounds that give rise to columnar liquid crystalline (LC) phases (Pal et al., 2013; Bushby & Kawata, 2011) . In this context, we recently proposed a synthetic pathway to triphenylenes exhibiting terminal functionalizations at the 2-and 7-positions (Zelcer et al., 2013) , which allows their incorporation into extended systems like oligomers and polymers (Zelcer et al., 2007 (Zelcer et al., , 2013 , with the bridging chains attached to the furthest separated positions (2 and 7) of the triphenylene units. This synthetic pathway involved substituted 4,4 0diacetoxy-3,3 0 -bis(hexyloxy)biphenyl (Zelcer et al., 2013) as a key intermediate compound. We then decided to explore the influence of the point of attachment of substituents on the LC properties of such polymers, looking first for materials derived from 3,6-difunctionalized triphenylenes. In order to synthesize these compounds, our synthetic strategy also involved a key intermediate biphenyl, in the present case, bearing acetoxy protecting groups at the 3-and 3 0 -positions, as shown in the Scheme. The key reaction for the synthesis of biphenyl (V) involved a nickel-catalyzed Ullmann reaction (Zembayashi et al., 1977; Hong et al., 2001) . The products were fully characterized by 1 H NMR, 13 C NMR, FT-IR, elemental analysis and HRMS.
During the course of the Ullmann reaction, we also isolated a second product and attempted to identify it using the same set of techniques. We envisaged different possible substituted biphenyls, but none of the proposed structures could explain the experimental spectra of the product obtained. We then succeeded in crystallizing it and solved its molecular structure. Unexpectedly, the compound was not a substituted biphenyl,
Experimental
All chemical precursors were purchased from Sigma-Aldrich and used without further purification. Operations under an inert atmosphere were carried out using standard Schlenk techniques. 1 H NMR spectra were measured on a Bruker AM500 spectrometer, using CDCl 3 as solvent and its residual peaks as internal references (7.26 p.p.m. for 1 H). Differential scanning calorimetry (DSC) was performed with a Shimadzu DSC-50 apparatus. Elemental analysis was carried out at UMYMFOR, Conicet, and Department of Organic Chemistry, FCEN, UBA, Argentina.
2.1. Synthesis and crystallization 2.1.1. Synthesis of 2-(hexyloxy)phenyl acetate, (III). 2-(Hexyloxy)phenol, (II) (10 g, 0.05 mol), was acetylated with acetic anhydride (20 ml) and pyridine (20 ml) at room temperature for 16 h. Examination by thin-layer chromatography (TLC; cyclohexane/CH 2 Cl 2 , 1:1 v/v, stain I 2 ) showed the complete conversion of (II) (R F = 0.46) into a slower-moving product (R F = 0.35). The mixture was concentrated and (III) was obtained as an oily syrup (yield 11.4 g, 97%); 1 H NMR (CDCl 3 , 500 MHz): 7.18 (ddd, 1H, ArH), 7.06 (dd, 1H, J = 7.75, 1.75 Hz, ArH), 6.97 (dd, 1H, J = 8.25, 1.25 Hz, ArH), 6.93 (td, 1H, J = 7.5, 1.5 Hz, ArH), 3.98 (t, 2H, J = 6.5 Hz, CH 2 O-), 2.31 (s, 3H, CH 3 COO-), 1.78 (m, 2H, CH 2 CH 2 O-), 1.48 [m, 2H, CH 2 (CH 2 ) 2 O-], 1.39-1.36 [m, 4H, (CH 2 ) 2 (CH 2 ) 2 O-], 0.96 [t, 3H, J = 7.0 Hz, -O(CH 2 ) 5 CH 3 ].
2.1.2. Synthesis of 5-bromo-2-(hexyloxy)phenyl acetate, (IV). Compound (III) (3.0 g, 0.013 mol) was placed in a roundbottomed two-necked flask equipped with a pressure-compensated funnel and CH 2 Cl 2 (7.5 ml) was added. The flask was cooled to 273 K in an ice bath and a vessel bubbler with an Na 2 CO 3 solution was placed in the remaining neck. Then a solution of Br 2 (0.75 ml, 0.015 mol) in CH 2 Cl 2 (2.8 ml) was introduced into the funnel and added dropwise under continuous stirring over a period of 90 min, resulting in a red solution. The ice bath was removed and the solution stirred until it remained colourless. When TLC (cyclohexane-dichloromethane, 1:1 v/v, UV and FeCl 3 stain) showed the complete conversion of the starting material (R F = 0.48) into a faster-moving spot (R F = 0.55), dichloromethane (50 ml) was added to the mixture and the organic phase was washed with NaHCO 3 (ss) and water, then dried over Na 2 SO 4 , filtered and evaporated under reduced pressure. The product was purified by chromatographic column [cyclohexane!cyclohexane-CH 2 Cl 2 (95:5 v/v)]. Compound (II) was a colourless oil (yield 2.9 g, 71%); 1 H NMR (500 MHz, CDCl 3 ): 7.28 (dd, 1H, J = 8.7, 2.4 Hz, ArH), 7.17 (d, 1H, J = 2.4 Hz, ArH), 6.81 (d, 1H, J = 8.8 Hz, ArH), 3.94 (t, 2H, J = 6.5 Hz, CH 2 O-), 2.29 (s, 3H, CH 3 COO-), 1.75 (m, 2H, CH 2 CH 2 O-), 1.45-1.30 [m, 6H, O(CH 2 ) 2 (CH 2 ) 3 CH 3 ], 0.90 [t, 3H, J = 7.0 Hz, O(CH 2 ) 5 CH 3 ]; 13 C NMR (CDCl 3 , 125.7 MHz): 168.7 (-OCOCH 3 ), 150. 2, 140.8, 129.7, 126.1, 114.7, 111.9 (Ar) 2.1.3. Synthesis of 3,3 0 0 0 -diacetoxy-4,4 0 0 0 -bis(hexyloxy)biphenyl, (V), and 1-(4-hexyloxy-3-hydroxyphenyl)ethanone, (I). In a Schlenk round-bottomed flask, NiCl 2 (PPh 3 ) 2 (0.55 g, 0.84 mmol) and N(CH 2 CH 3 ) 4 I (0.23 g, 0.89 mmol) were added, dried and degassed, applying three cycles of vacuum/ argon. Then, under an argon atmosphere, a suspension of Zn dust (1.1 g, 17 mmol) in dried and deoxygenated tetrahydrofuran (THF, 2 ml) was added. The mixture was stirred for 30 min. In another Schlenk flask, a solution of deoxygenated (IV) (2.5 g, 7.8 mmol) in THF (11 ml) was added to the first flask and the reaction mixture was stirred at 329 K for 20 h under an argon atmosphere. When TLC (cyclohexane-AcOEt, 10:1 v/v, FeCl 3 stain) showed complete consumption of (IV) (R F = 0.43) and the formation of a new spot that corresponds to (V) (R F = 0.23), the reaction was stopped. Finally, the suspension was filtered through compacted silica, washed with ethyl ether and the filtrate concentrated in vacuo. The resulting solid was purified by column chromatography (silica, cyclohexane/ethyl acetate up to 20:1 v/v), to give a white solid (yield 550 mg, 30%). Analysis found (calculated) for C 28 145.6, 130.9, 121.9, 114.5, 110.7 (Ar) , 69.2 (OCH 2 ), 31.6, 29.1, 26.5, 25.7 [OCH 2 (CH 2 ) 4 CH 3 ], 22.7 (-COCH 3 ), 14.1 [OCH 2 -(CH 2 ) 4 CH 3 ]. For a complete assignment of the 1 H NMR and 13 C NMR spectra, see Results and discussion (x3).
Refinement
Crystal data, data collection and structure refinement details for (I) are summarized in Table 1 . All H atoms were originally found in difference maps, but were treated differently in the refinement. The O-H groups were refined freely with free U iso values, while the C-H groups were repositioned in their expected positions and allowed to ride, with C-H = 0.93 Å and U iso (H) = 1.2U eq (C) for aromatic H atoms, C-H = 0.97 Å and U iso (H) = 1.2U eq (C) for methylene H atoms, and C-H = 0.96 Å and U iso (H) = 1.5U eq (C) for methyl H atoms. The hexyl tail in one of the independent molecules appeared disordered over two positions. A split model was refined with restrained geometry and displacement parameters, and the refined occupancies were 0.691 (4) and 0.309 (4).
Results and discussion
The title compound, (I), crystallizes in the orthorhombic space group Pbca and the asymmetric unit consists of two independent molecules (Fig. 1) , one of which is disordered (see Refinement, x2.2). Unexpectedly, these molecules do not correspond to any kind of substituted biphenyl, but to 1-(4hexyloxy-3-hydroxyphenyl)ethanone.
Once the chemical nature of (I) had been established crystallographically, further evidence was obtained from spectral data. Indeed, the IR spectrum of (I) shows the expected CH 2 and CH 3 bands in the 2850-2950 cm À1 region, a C aromatic -H band at ca 3100 cm À1 and a C-C aromatic band at ca 1600 cm À1 , all of which are already present in the starting material 5-bromo-2-(hexyloxy)phenyl acetate, (IV). In agreement with the lack of an acetoxy group and the presence of a ketone moiety, the C O band shifted from 1776 cm À1 in (IV) to 1666 cm À1 in (I), an identical value to that found in benzophenone. Compound (I) also exhibits an additional broad band at 3308 cm À1 , assigned to the new phenolic O-H group. 1 H NMR, 13 C NMR and COSY spectra are shown on Computer programs: CrysAlis PRO (Oxford Diffraction, 2009), SHELXS97 (Sheldrick, 2008) , SHELXTL (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009 ).
Figure 1
The molecular structure of (I), with displacement ellipsoids drawn at the 40% probability level. Single broken lines represent hydrogen bonds and double broken lines (and empty ellipsoids) correspond to the (unlabelled) minor fraction of the disordered hexyl group. The assigned 1 H NMR spectrum of (I).
Figure 3
The assigned 13 C NMR spectrum of (I).
electronic reprint doublet of doublets with J = 8.3 Hz, typical of ortho-coupling, and J = 2.0 Hz due to meta-coupling with H-2. Aromatic H-5 was found at 6.86 p.p.m. as a doublet with the same orthocoupling. Other diagnostic signals were that of the phenolic H atom, detected as a singlet at 5.79 p.p.m., that of themethylene group of the hexyloxy tail, detected at 4.10 p.p.m.
(the other signals corresponding to this hydrocarbon chain appeared in the range 1.86-0.89 p.p.m.) and the singlet of the methyl group of the ketone group at 2.53 p.p.m. The COSY spectrum showed both the correlation between the aromatic H atoms and the lack of interactions for the signal at 5.79 p.p.m., as expected for the phenol H atom. The most distinctive signal in the 13 C NMR spectrum of (I) is that at 197.1 p.p.m., which corresponds to the ketone C atom; all other observed signals are in agreement with the proposed structure.
Since the molecular structure of (I) does not depart from expected values, the discussion of the structure will be restricted to the supramolecular architecure.
Intermolecular interactions are dominated by hydroxyethanone O-HÁ Á ÁO hydrogen bonds (Table 2) The COSY (correlation spectroscopy) analysis for (I).
Figure 5
The columnar arrays in the structure of (I), showing (left) the Á Á ÁA-B-A-BÁ Á Á sequence along [001] and (right) a single column seen in projection, showing the 'shielding' of the potentially interactive core. wrapping the around the columns (Fig. 5, right) . Thus, intercolumn interactions are attained solely through weaker van der Waals forces (Fig. 6 ). Irrespective of this fact, the structure appears well packed, with no room for solvent molecules and a Kitajgorodskij packing index of 0.67% (PLATON; Spek, 2009 ). As is common practice when dealing with compounds containing alkyl C n H 2n+1 tails, we looked in the Cambridge Structural Database (CSD, Version 5.3, update of May 2015; Groom & Allen, 2014) for other members of the series, viz. of the 1-[4-(n-yloxy)-3-hydroxyphenyl]ethanone type (n 6 ¼ 6), for comparison purposes. To our surprise, we found that no further members of the family have been reported. In fact, even the parent (3-hydroxyphenyl)ethanone skeleton is rare, with only two structures including this moiety reported in the CSD (refcodes JIVREL and HALYOI; Byrn et al., 1991 Byrn et al., , 1993 . However, in these cases, the (3-hydroxyphenyl)ethanone skeleton does not appear as an isolated molecule or as the core of a higher homologue, but as part of complex structures. Consequently, it is not possible to compare the C(7) synthon responsible of the chain array in (I) with related structures. More frequently observed is the (2-hydroxyphenyl)ethanone skeleton, with both substitutents in neighbouring sites. This disposition, however, largely promotes an intramolecular O-HÁ Á ÁO synthon defining an internal R(6) loop, and compar-isons are again precluded. Thus, against this background, the present structure of (I) could be considered as 'novel'.
From a chemical point of view, it is well known (Matsumoto et al., 1983; Sperotto et al., 2010) that the Ni-modified Ullmann reaction involves in a first step a reduction of Ni 2+ to Ni 0 , and it is Ni 0 that reacts, in our case, via an oxidative addition of a molecule of (IV). This complex then reacts with another molecule of (IV) to give an intermediate in which nickel is oxidized to Ni 4+ . The last step in the formation of the biaryl product involves a reductive elimination which reconstitutes the nickel catalyst. We think that a plausible explanation for the formation of (I) could involve a cleavage of the O-C linkage of the acetoxy group which suffers an intramolecular rearrangement to give product (I), in which the acyl group replaces the Br atom. data reduction: CrysAlis PRO (Oxford Diffraction, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009 ). C9′-H9D 0.9700 C13B-C14B 1.529 (3) C10′-C11′ 1.467 (7) C13B-H13E 0.9700 C10′-H10C 0.9700 C13B-H13F 0.9700 C10′-H10D 0.9700 C14B-H14G 0.9600 C11′-C12′ 1.566 (7) C14B-H14H 0.9600 C11′-H11C 0.9700 C14B-H14I 0.9600
1-(4-Hexyloxy-3-hydroxyphenyl)ethanone

